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(54) Production of Ethylene/Butene copolymers with a single metallocene catalyst and a single 
monomer 

(57) A process of polymerizing ethylene with a cata- 
lyst using a single metallocene catalyst comprising a 
bridged metallocene compound having two cyclopenta- 
dienyl rings, one substituted with a bulky group in a dis- 
tal position and one substituted such that a fused ring, 
substituted or unsubstituted, is formed, which produces 
a copolymer of ethylene. The metallocene catalyst pro- 
motes simultaneous oligomerization of a fraction of eth- 
ylene to form a comonomer in situ and copolymerization 
of the remaining ethylene and the comonomer to form a 
copolymer. 
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Description 

BACKGROUND OF THE INVENTION 

s FIELD OF THE INVENTION: The present invention relates to the production of ethylene/butene copolymer by 

polymerizing ethylene only without the use of butene comonomer. In another aspect, the present invention also relates 
to the use of a single metallocene catalyst system in the copolymerization of ethylene and butene to produce ethyl- 
ene/butene copolymers wherein the butene is produced by in situ dimerization of ethylene. 

DESCRIPTION OF PRIOR ART: Commercially useful, ethylene-based polymers such as HDPE (High Density PolyEth- 

10 ylene). LLDPE (Linear, Low Density PolyEthylene) are produced by copolymerization of predominantly ethylene with 
low levels of a-olefins such as 1 -butene, 1 -hexene and 1 -octene. A supported chromium catalyst which in combination 
with trialkylboron or a polyalkyl silane trimerizes and polymerizes ethylene to produce ethylene/hexene copolymers 
under slurry conditions was described in U.S. Patent no. 5,071,627 (issued E.A. Benham; M.P. McDaniel; R.R. McEI- 
vatn; R.O. Schneider, assigned to Phillips). Another single catalyst system based on chromium and trialkylaluminum for 

is use in gas phase reactors to produce ethylene/hexene polymers was described in U.S. Patent no. 5, 1 37,994 (issued on 
August 11, 1992, assigned to Union Carbide). Another single catalyst system, described in WO86/05500 (issued on 
September 25, 1986), developed for gas phase reactors is based on titanium; utilizes trialky (aluminums as the cocata- 
lysts, and produces ethylene/butene copolymers. A combination of titanium or vanadium based solid catalyst and a 
conventional Ziegler-Natta catalyst system for the dimerization and polymerization of ethylene to produce ethyl- 

20 ene/butene copolymers in a single reactor was described in EP 0,230,983 A1 (issued to M.P. McDaniel; P.D. Smith; D.D. 
Klendworth, assigned to Phillips). Another European patent application, EPO.307,907 (issued to E.A. Boggs, assigned 
to Phillips) describes a supported chromium based catalyst system, which oligomerizes ethylene to produce butene, 
hexene and octene etc., which are further copolymerized with ethylene to produce ethylene polymers the densities of 
which can be varied by varying the polymerization conditions. 

25 The ethylene/1 -olefin copolymers produced by Ziegler-Natta type of catalysts suffer from several disadvantages. 
For example, the distribution of comonomer has been shown to be inhomogeneous and predominantly concentrated in 
the low molecular weight fractions of the polymer. In order to ensure sufficient incorporation of comonomer in the high 
molecular weight fraction, large amounts of comonomer are generally required. Additionally, the randomness of the 
comonomer distribution in the copolymers produced by Ziegler-Natta based catalysts is not very high. It is now become 

30 an established fact that metallocenes in combination with cocatalysts such as alkylalumoxanes or ionic cocatalysts 
polymerize monomer mixtures such as ethylene/1 -olefin and propylene/1 -olefin mixture to produce copolymers which 
do not suffer from the above described disadvantages. Thus, for example, it was shown that metallocene complexes 
containing bridged cyclopentadienyl type of ligands and Group IV metals incorporate comonomers uniformly in polyeth- 
ylene backbone as shown in U.S. Patent no. 5,453,475 and WO 88/04672. Similarly, it was shown that increased ran- 

35 domness of ethylene distribution in polypropylene backbone produced by copolymerizing the monomers with 
metallocene catalysts improve heat seal properties and decrease the heat seal temperatures relative to the copolymers 
produced by Ziegler Natta catalysts (EP 0.495.099A1). A comparison of ethylene/butene copolymer obtained by Zei- 
gler-Natta and metallocene catalyst is given by K. Hesland and W. Kaminsky in Makromolecular Chemie [vol. 193, p. 
601 -660 (1 992)], Table 4, p. 608. 

40 It would be advantageous to dimerize ethylene in situ and produce random ethylene/butene copolymers in a single 
reactor with a single catalyst system with high catalyst efficiencies. Ethylene could be used as the only monomer and 
allow the metallocene catalyst system to oligomerize, particularly dimerize or trimerize, a fraction of ethylene to form a 
comonomer and copolymerize ethylene and the comonomer(s) produced in situ. This would amount to using a single 
catalyst system in a single reactor with only ethylene to produce ethylene/1 -olefin copolymers. Such process would 

45 offer one of the most economical ways of producing such copolymers with all the desired properties. However, no single 
metallocene based catalysts are currently known which can oligomerize as well as polymerize ethylene in a single reac- 
tor under given process conditions. They are known to either oligomerize or polymerize ethylene under a given set of 
conditions. A recent publication on this subject appeared in Angew. Makromol. Chem., 227, 159-177 (1995). 

- 50 SUMMARY OF THE INVENTION 

The present invention discloses catalyst systems which oligomerize (dimerize or trimerize) ethylene to generate 
comonomers in situ which in turn will be utilized in a simultaneous copolymerization process to produce copolymers of 
ethylene and the comonomer generated from the oligomerization (dimerization or trimerization) of ethylene. Such type 
55 of processes would enable use of only a single monomer stream to produce copolymers. This would amount to savings 
in the comonomer raw material cost and simplification of the production process. In accordance with one aspect of the 
invention, a catalyst system comprising of a metallocene catalyst and alumoxane cocatalyst, either alone or with an 
additional aluminumalkylchloride cocatalyst, produces ethylene/butene copolymers by using ethylene as the sole mon- 
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omer at commercially useful temperatures. 

In another aspect of the invention, ethylene/butene copolymers are produced from ethylene alone in a single reac- 
tor under slurry polymerization conditions. 

In another aspect of the invention, the amount of butene incorporated can be affected by polymerization tempera- 
ture. 

In another aspect of the invention, the amount of butene incorporated can be affected by hydrogen pressure. 
In another aspect of the invention, the molecular weight of the polymer can be modified by polymerization temper- 
ature and reactor pressure. 

The present invention provides a catalyst comprising a bridged metallocene having two cyclopentadienyl rings, one 
substituted with a bulky group in a distal position and one substituted such that a fused ring is formed. The catalyst may 
further comprise an ionizing agent or cocatalyst, such as alumoxane or alumoxane in combination with an aluminumal- 
kylchloride, which combines with the metallocene to form an active catalyst. The present invention further provides a 
process for producing copolymers, particularly ethylene/butene copolymer. The process comprises utilizing at least one 
of the catalysts described by the above formula and introducing the catalyst into a copolymerization reaction zone con- 
taining the olefin monomers. An ionizing agent or cocatalyst, such as alumoxane, may be introduced into the reaction 
zone with the metallocene and olefin monomers or combined with the metallocene in a separate step. Further, the 
active catalyst may also be pre-polymerized prior to introducing it into the reaction zone and/or prior to the stabilization 
of reaction conditions in the reactor. 

20 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a process and catalyst for the simultaneous dimerization of ethylene to butene and 
polymerization of ethylene and butene to produce an ethylene/butene copolymer. The process includes using a partic- 
ular type of catalyst in the polymerization of ethylene which results in the production of an ethylene/butene copolymer 
25 without the use of a butene comonomer. The catalyst is a metallocene catalyst with the precursor of the catalyst being 
a neutral metallocene compound of the formula: 

R'*(C 5 R 4 )(C 5 R^MRV2 

so where R" is a bridge imparting stereorigidity to the structure to the metallocene by connecting the two cyclopentadienyl 
nngs, (C 5 R 4 ) is a cyclopentadienyl ring, R and R' are substituents on the cyclopentadienyl rings and can be hydrogen 
or a hydrocarbyl radical from 1-9 carbon atoms, each R and R 1 being the same or different, M is a Group 1MB or IVB 
metal, R* is a hydride, a halogen or a hydrocarbyl from 1-20 carbon atoms, v is the valence of M. (C 5 R 4 ) is a cyclopen- 
tadienyl ring having one R substituent in a distal position which is at least as bulky as a t-butyl radical. (C 5 R'a) is an inde- 

35 nyl or f luorenyl ring, substituted or unsubstituted. 

In this description of the metallocene compound or catalyst precursor, "distal" means located in a position most dis- 
tant from the bridgehead carbon as illustrated by positions 3 and 4 (1 being the position of the bridgehead carbon) in 
the diagram below: 



40 



50 



Due to identical chemical environment of the cyclopentadienyl ring, positions 3 and 4 are equivalent and interchange- 
able in chemical formula nomenclature. The numerical positions 2 and 5 are also referred to as a positions and the 
numerical positions 3 and 4 are also referred to as p positions and represent the positions of possible substituents in 
the proximal and distal position, respectively. The numerical positions of the indenyl ring represent the position of pos- 
sible substituents on the indenyl ring, 1 being the position of the bridge. 

"Bulky" is related to spatial displacement and in this invention means, preferably, having a spatial displacement 
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equal to or greater than a tertiary butyl [(CH 3 ) 3 C] group. 

The metallocene compound or catalyst precursor is stereorigid. Stereorigidity is imparted to prevent rotation of the 
cyclopentadienyl rings about their coordination axes and may be obtained by several ways. Stereorigidity is preferably 
obtained by means of a structural bridge between the cyclopentadienyl rings which connects them and fixes their loca- 

5 tion relative to one another. If not accomplished by means of a bridge between the two cyclopentadienyl rings, stereori- 
gidity may be obtained by substituted cyclopentadienyl rings in which the substituent groups provide steric hindrance 
by nonbonded spatial interaction between the substituted cyclopentadienyl rings or by virtue of the bulk of the substit- 
uent groups. Attaining stereorigidity by such methods is disclosed in U.S. patents nos. 5,162,278; 5,223,467 and 
5,223,468. Stereorigidity may also be obtained by the cyclopentadienyl rings being in a state of low kinetic energy. 

w The metallocene is chiral in that its mirror image is not superimposable on the original. The ligand structure of the 
metallocene does not have bilateral symmetry. An illustration of the ligands of isopropylidene [(3-t-butylcyclopentadi- 
enyl) (indenyl)]zirconium dichloride, abbreviated as Me 2 C(t-buCp)(lnd)ZrCI 2 , is shown below: 
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An examination of the model of this metallocene shows that the t-butyl group may be positioned in close proximity 
to the phenyl ring of indene, or away from the phenyl group of indene as shown in the illustration above. In the former 

40 case, the diastereomer is called an erythro-isomer and in the latter case the isomer is called a threo-isomer. 

In a preferred catalyst of the present invention, (C 5 R 4 ) is preferably a substituted cyclopentadienyl ring in which one 
R substituent is in the distal position and is at least as bulky at a t-butyl radical and the other R substituents are hydro- 
gen; (C5R4) may comprise hydrocarbyl radicals attached to a single carbon atom in the cyclopentadienyl ring as well 
as radicals that are bonded to two carbon atoms in the ring to form a fused ring and is preferably an unsubstituted inde- 

45 nyl or fluorenyl radical; Me is preferably a Group IVB metal, such as titanium, zirconium or hafnium, more preferably zir- 
conium or hafnium and most preferably zirconium; Q is preferably a halogen and is most preferably chlorine; p may vary 
with the valence of the metal atom but is preferably 2; and R" is preferably a bivalent hydrocarbyl radical having one 
atom covalently bonded to (C5R4) and to (C 5 R' 4 ) acting as a bridge between the two cyclopentadienyl rings, e.g., an 
methylidene radical, substituted or unsubstituted. If substituted, the substituents on the bridge should be such that the 

so bridge preferably has bilateral symmetry, i.e., one side of the bridge is a mirror image of the other. Exemplary hydrocar- 
byl radicals for the structural bridge include methylidene, isopropylidene, isopentylidene, isoheptylidene, isononylidene 
and the like in which the substituents on each side of the bridging carbon atom are the same. 

The catalyst precursor may be prepared by any method known in the art. Generally, the preparation of the catalyst 
complex consists of forming and isolating the cyclopentadienyl or substituted cyclopentadienyl ligands which are then 

55 reacted with a halogenated metal to form the complex. Synthesis of the catalyst precursor is disclosed in copending 
U.S. application serial no. 08/635,274, filed April 19, 1996. 

The metallocene catalysts of the present invention are useful in many of the polymerization processes known in the 
art including many of those disclosed for the preparation of polymers or copolymers of ct-olef ins. When the catalysts of 
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the present invention are used in the polymerization of ethylene, the processes produce an ethylene/butene copolymer. 

Further examples of polymerization processes useful in the practice of the present invention include those dis- 
closed in U.S. Patent No. 4,767,735 and European Patent Application Publication No. 310,734, the disclosures of which 
are hereby incorporated herein by reference. These preferred polymerization procedures include the step of prepolym- 
5 erizing the catalyst and/or precontacting the catalyst with a cocatalyst and an olefin monomer prior to introducing the 
catalyst into a reaction zone. 

The metallocene compound is activated as a catalyst by an ionic ionizing agent or a co-catalyst, such as is an orga- 
nooxyaluminum compound. The catalyst activator can be an alumoxane or a Lewis acid alone or in combination with 
aluminum alkyl which will ionize a neutral metallocene compound to form a cationic metallocene catalyst. Examples of 
10 such catalyst activators are methyl alumoxane (MAO), tris(pentaf luorophenyl)boron or triphenylcarbenium tetrakis(pen- 
taf luorophenyl)boronate alone or in combination with triethylaluminum (TEAI). Other catalyst activators are disclosed in 
U.S. Patent Application Serial Nos. 07/419,057 and 07/419,222 and European Patent Publication Nos. 0-277-003 and 
0-277-004 which are hereby incorporated by reference. 

The catalysts of the present invention are particularly useful in combination with an aluminum cocatalyst, preferably 
is an alumoxane. In addition, a complex may be isolated between a metallocene catalyst as described herein and an alu- 
minum cocatalyst in accordance with the teachings of European Patent Publication Number 226,463 published on June 
24, 1987. As disclosed therein, a metallocene is reacted with an excess of alumoxane in the presence of a suitable sol- 
vent. A complex of the metallocene and alumoxane may be isolated and used as a catalyst in the present invention. 

The alumoxanes useful in combination with the catalysts of the present invention, either in the polymerization reac- 
20 tion or in forming the complex disclosed above, may be represented by the general formula (R-AI-0-) n in the cyclic form 
and R(R-AI-0-) n ALR 2 in the linear form wherein R is an alkyl group with one to five carbon atoms and n is an integer 
from 1 to about 20. Most preferably, R is a methyl group and the preferred alumoxane is methylalumoxane (MAO). The 
alumoxanes can be represented structurally as follows: 
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The alumoxanes can be prepared by various methods known in the art. Preferably, they are prepared by contacting 
water with a solution of trialkyl aluminum, such as, trimethyl aluminum, in a suitable solvent such as a benzene. Another 
40 preferred method includes the preparation of alumoxane in the presence of a hydrated copper sulfate as described in 
the U.S. Patent Number 4,404,344 the disclosure of which is hereby incorporated by reference. This method comprises 
treating a dilute solution of trimethyl aluminum in toluene with copper sulfate. The preparation of other aluminum cocat- 
alysts useful in the present invention may be prepared by methods known to those skilled in the art. 

The alumoxane cocatalyst may be used alone or with an additional cocatalyst, preferably an aluminumalkylchlo- 
45 ride. If an aluminumalkylchloride is used as an additional cocatalyst, it is preferably an aluminumdialkylchloride, such 
f as dimethylaluminum chloride, diethylaluminumchlortde, etc., wherein the alkyl has from 1-20 carbon atoms. The alu- 
minumdialkylchloride is most preferably diethylaluminumchloride (DEAC). 

The process of the present invention is effective for any known polymerization reaction conditions for olefin oii- 
-^=^gomenzationA(eo)polymerization in which metallocene catalysts are usedr-The copolymerization temperatureis prefer^ 
so ably from - 20°C to 90°C, most preferably 50°C to 80°C. The copolymerization pressure is preferably 25 psig to 600 
psig, most preferably 100 psig to 500 psig. 

The copolymerization process may be either slurry or gas phase. The selection of the particular process will effect 
the operative and optimum reaction conditions. The preferable process for the present invention is slurry phase. 

The invention having been generally described, the following examples are given as particular embodiments of the 
55 invention and to demonstrate the practice and advantages thereof. It is understood that the examples are given by way 
of illustration and are not intended to limit the specification or the claims to follow in any manner. 
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Example 1 

A 4-Uter Autoclave reactor was charged with 925 grams hexane and heated to 90°C. A mixture of hydrogen and 
ethylene at a volume ratio of 0.25 (H 2 /C 2 H 4 ) was passed through the solvent at 1 0 ml/min. A catalyst delivery bomb was 

5 charged with 2 mg i-Pr(t-BuCp) (lnd)ZrCI 2 (isomer mixture) and 2.5 ml 10%MAO solution in toluene. The catalyst bomb 
was connected to the reactor and the catalyst was charged into the reactor along with 375 g pressurized hexane. The 
polymerization was allowed to take place at 90°C for one hour at an agitation rate of 600 rpm. At the end of this period, 
the monomer supply was stopped, the reactor pressure was released by venting and the polymer slurry was collected 
in a flask. The solvent was removed under vacuum in a rotary evaporator and dried in a vacuum oven. The polymer yield 

10 was 142 g. The results of polymer analysis are given in Table 1 . 

Molecular weight distribution (MWD) can be represented as the ratio of the weight average molecular weight (M w ) 
to the number average molecular weight (M n ) : MWD = M w /M n . This ratio is also known as polydispersity (D). 

Example 2 

15 

The polymerization procedure of Example 1 was repeated with 10 mg of purified i-Pr(t-BuCp)(lnd)ZrCI 2 consisting 
of a single isomer and 2.5 ml MAO solution and the polymerization temperature was maintained at 80°C. The polymer- 
ization time was 60 minutes. The process conditions are shown in Table 1. The polymer yield was 210 grams. The 
results of polymer analysis are given in Table 2. 

20 

Example 3 

The polymerization procedure of Example 1 was repeated with 2.5 mg of purified i-Pr(t-BuCp)(lnd)ZrCI 2 consisting 
of a single isomer and 2.5 ml MAO solution (30% MAO). The polymerization time was 60 minutes. The process condi- 
25 tions are shown in Table 1 . At the end of the polymerization period, the reactor vapor phase was collected into an evac- 
uated stainless steel cylinder. The collected vapor was analyzed by modified ASTM-D1946 method using Chandler 
EGNG (Model AGC 400) by applying refinery gas application method 196A for low C 6+ hydrocarbons. The polymer 
yield was 1 46 grams. The results of polymer analysis are given in Table 2. 

30 Example 4 

The polymerization procedure of Example 1 was repeated with 2.5 mg of purified i-Pr(t-BuCp)(lnd)ZrCI 2 consisting 
of a single isomer and 2.5 ml MAO solution (30% MAO). The polymerization time was 60 minutes and the polymeriza- 
tion time was 50°C. The process conditions are shown in Table 1 . The polymer yield was 53 grams. The results of pol- 
35 ymer analysis are given in Table 1 . 

Example 5 

The polymerization procedure of Example 1 was repeated with 2.5 mg of purified isopropylidene[3-t-butylcyclopen- 
40 tadienyl-1-(2-methylindenyl)]zirconium dichloride [i-Pr(3-t-BuCp)(2-Melnd)ZrCI 2 ] consisting of a single isomer and 2.5 
ml MAO solution (30% MAO). The polymerization time was 60 minutes and the polymerization temperature was 80°C. 
The process conditions are shown in Table 1. Vapor analysis was done as described in Example 3. The polymer yield 
was 268 grams. The results of polymer analysis are given in Table 1 . 

45 Example 6 

The polymerization procedure of Example 1 was repeated with 2.5 mg of purified i-Pr(t-BuCp)(2-Melnd)ZrCI 2 con- 
sisting of a single isomer and 2.5 ml MAO solution (30% MAO). The polymerization time was 60 minutes and the polym- 
erization temperature was 50°C. The process conditions are shown in Table 1 . The polymer yield was 1 73 grams. The 
so results of polymer analysis are given in Table 1 . 

Example 7 

The polymerization procedure of Example 1 was repeated with 2.5 mg of purified i-Pr(t-BuCp)(2-Melnd)ZrCl2 con- 
55 sisting of a single isomer and 2.5 ml MAO solution (30% MAO) and 0.91 ml of a 0.25 M solution of diethylaluminum chlo- 
ride (DEAC) in hexane as a second cocatalyst. The polymerization time was 60 minutes and the polymerization 
temperature was 80°C. The process conditions are shown in Table 1 . Vapor phase analysis was done as described in 
Example 3. The polymer yield was 287 grams. The results of polymer analysis are given in Table 1 . 
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Example 8 

The polymerization procedure of Example 1 was repeated with 2.5 mg of purified i-Pr(t-BuCp)(2-Melnd)ZrCl2 con- 
sisting of a single isomer and 2.5 ml MAO solution (30% MAO) and 0.91 ml of a 0.25 M solution of diethylaluminum chlo- 
ride (DEAC) in hexane as a second cocatalyst. The polymerization time was 60 minutes and the polymerization 
temperature was 80°C. The reactor pressure was maintained at 62 psig. The process conditions are shown in Table 1 . 
The polymer yield was 132 grams. The results of polymer analysis are given in Table 1 . 

Example 9 

The polymerization procedure of Example 1 was repeated with 2.5 mg of phenylmethylsilylidene[3-t-butylcyclopen- 
tadienyl-1 -indenyl]zirconium dichloride [Ph(Me)Si(t-BuCp)(lnd)ZrCl2] and 2.5 ml MAO solution (10% MAO). The polym- 
erization time was 60 minutes and the polymerization temperature was 80°C. The process conditions are shown in 
Table 1 . The polymer yield was 50 grams. The results of polymer analysis are given in Table 1 . 

Example 10 

The polymerization procedure of Example 9 was repeated with the reactor pressure at 62 psig. The process con- 
ditions are shown in Table 1. Vapor phase analysis was done as described in Example 3. The polymer yield was 41 
grams. The results of polymer analysis are given in Table 1 . 

Example 11 

The polymerization procedure of Example 1 1 was repeated with 2.5 mg of phenyl methylmethy lidene[3-t-butylcy- 
clopentadienyl-1-f!uorenyl]zirconium dichloride [Ph(Me)C(3-t-BuCp)(Ru)ZrCl2] and 2.5 ml MAO solution (10% MAO). 
The polymerization time was 60 minutes and the polymerization temperature was 80°C. The process conditions are 
shown in Table 1 . The polymer yield was 173 grams. The results of polymer analysis are given in Table 1 . 

Example 12 

The polymerization procedure of Example 1 1 was repeated with dimethylsilylidene[3-t-butylcyclopentadienyl-1-flu- 
orenyl]zirconium dichloride [(Me) 2 S</3-t-BuCp)(Flu)ZrCI 2 ]. The process conditions are shown in Table 1. The polymer 
yield was 1 1 grams. The results ot polymer analysis are given in Table 1 . Vapor phase analysis was done as described 
in Example 3. 
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It has been found that a single metallocene catalyst can be used to simultaneously dimerize ethylene to butene and 
polymerize ethylene and butene from said dimerization to produce ethylene/butene copolymer. Consequently, a single 
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metallocene catalyst in a single reactor with a single monomer can produce a copolymer of two different a-olefins. 

Regarding the relationship between stereochemistry of the complexes and the polymer product, the i-Pr(3-t- 
BuCp)(lnd)2rCI 2 exists as two stereoisomers, namely threo- and erythro- isomers, depending upon the spatial position 
of t-butyl groups with respect the phenyl ring of the indenyl group. Purification methods allowed isolation of one isomer, 
presumably the threo- isomer, which polymerized propylene to give isotactic polypropylene. An example of such a puri- 
fication method is disclosed in copending patent applications U.S. Serial No. 08/635,274 and U.S. Serial no. [Attorney 
Docket no. DC1 004/1005], hereby incorporated by reference. The effect of producing a copolymer with a single metal- 
locene catalyst and a single monomer was present whether a single isomer or mixture of the two isomers was used in 
the metallocene catalyst (Examples 1-4). 

Even though, only one metallocene was found to be effective in dimerization of ethylene followed by polymerization 
to give ethyl ene/butene copolymers, under conditions employed in the working examples, it should be noted that other 
metallocenes listed here dimerize ethylene, followed presumably, by hydrogenation to give butane. The inventors 
believe that the hydrogenation of butene to butane by the metallocenes is due to the presence of hydrogen in the reac- 
tor. The inventors also believe that if hydrogen is omitted in the polymerization, the metallocenes used in Examples 5, 
7, 10 and 12 and the examples in which the reactor gases were not analyzed for butane will also yield ethylene/butene 
copolymers. Many metallocenes are known to be effective catalysts for hydrogenation of 1 -olefins when used in the 
presence of hydrogen. Thus, for example, copending patent application U.S. Serial No. 08/474,883 shows that 
titanocene dichloride effectively catalyzes hydrogenation of propylene to propane in the presence of hydrogen. The 
inventors believe that the primary feature in these bridged metallocenes which is responsible for dimerization of ethyl- 
ene and the simultaneous polymerization of ethylene and the dimerization product (butene) to give ethylene/butene 
copolymers is the presence of a group stereochemical^ equal to or larger in size than a t-butyl group on the distal car- 
bon of the cyclopentadienyl ring. 

The following examples illustrate the propositions stated above: 

Example 101 

A 4-Liter Autoclave reactor is charged with 925 grams hexane and heated to 80°C. Ethylene is passed through the 
solvent at 8 ml/min. No hydrogen is fed into the reactor. A catalyst delivery bomb is charged with 2 mg isopropylidene[3- 
t-butylcyclopentadienyl-1-indenyl]zirconium dichloride [i-Pr(3-t-BuCp)(2-Me-lnd)ZrCl2] (isomer mixture) and 2.5 ml 
10%MAO solution in toluene. The catalyst bomb is connected to the reactor and the catalyst is charged into the reactor 
along with 375 g pressurized hexane. The polymerization is allowed to take place at 80°C for one hour at an agitation 
rate of 600 rpm. At the end of this period, the monomer supply is stopped, the reactor pressure is released by venting 
and the polymer slurry is collected in s^ask. The solvent is removed under vacuum in a rotary evaporator and dried in 
a vacuum oven. The resulting polymer is an ethylene/butene copolymer. 

Example 102 

The polymerization procedure of Example 1 is repeated with 10 mg of purified i-Pr(3-t-BuCp)(2-Me-lnd)ZrCI 2 con- 
sisting of a single isomer. The resulting polymer is an ethylene/butene copolymer. 

Example 103 

The polymerization procedure of Example 1 is repeated with 10 mg of purified Ph(Me)Si(3-t-BuCp)(lnd)ZrCl2 con- 
sisting of an isomer mixture. The resulting polymer is an ethylene/butene copolymer. 

Example 104 

The polymerization procedure of Example 1 is repeated with 10 mg of purified Ph(Me)Si(3-t-BuCp)(lnd)ZrCI 2 con- 
sisting of a single isomer. The resulting polymer is an ethylene/butene copolymer. 

Example 105 

The polymerization procedure of Example 1 is repeated with 10 mg of purified Ph(Me)C(3-t-BuCp)(Flu)ZrCI 2 con- 
sisting of an isomer mixture. The resulting polymer is an ethylene/butene copolymer. 

Example 106 

The polymerization procedure of Example 1 is repeated with 10 mg of purified Ph(Me)C(3-t-BuCp)(lnd)ZrCI 2 con- 
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sisting of a single isomer. The resulting polymer is an ethylene/butene copolymer. 
Example 107 

s The polymerization procedure of Example 1 is repeated with 10 mg of purified (Me) 2 Si(3-t-BuCp)(Flu)ZrCI 2 consist- 

ing of an isomer mixture. The resulting polymer is an ethylene/butene copolymer. 

Example 108 

The polymerization procedure of Example 1 is repeated with 10 mg of purified (Me) 2 Si(3-t-BuCp)(Ru)ZrCI 2 consist- 
ing of a single isomer. The resulting polymer is an ethylene/butene copolymer. 

A catalyst which is effective in the present invention is apparently a metallocene catalyst having two cyclopentadi- 
enyl rings connected by a hydrocarbonyl bridge, one cyclopentadienyl ring being substituted with a substituent being at 
least as bulky as a t-butyl and the other cyclopentadienyl ring being indenyl or fluorenyl, substituted or unsubstituted. 
The hydrocarbyl bridge preferably has bilateral symmetry and is a bivalent single carbon radical, i.e., a methylidene rad- 
ical, which can.be substituted as long as bilateral symmetry is present, i.e., the substituents are the same. The preferred 
ligand structure is an isopropylidene[3-t-butylcyclopentadienyl-1 -indenyl] radical. The preferred metallocene compound 
is isopropylidene[3-t-butyl cyciopentadienyl-1-indenyl]zirconium dichloride. . 

Obviously, numerous modifications and variations of the present invention are possible in light of the above teach- 
ings. It is to be understood that the invention may be practiced otherwise than as specifically described above within the 
scope of the appended claims. 

Claims 

.25 1 . A process for polymerizing an olefin monomer to form a copolymer comprising: 

a) preparing a single metallocene catalyst comprising: 

1 ) a metallocene compound described by the formula 

30 

R ,, (C 5 R4)(C 5 R , 4)MeQ p 

wherein (C 5 R 4 ) is a substituted cyclopentadienyl ring; (C5R4) is an indenyl or fluorenyl ring, substituted or 
unsubstituted; each R and R' is hydrogen or hydrocarbyl radical having from 1-20 carbon atoms, a halo- 

35 gen, an alkoxy, and alkoxy alkyl or an alkylamino radical, each R and R* may be the same or different; 

(C5R4) has one R substituent in a distal position which is at least as bulky as a t-butyl radical; R" is a struc- 
tural bridge between the (C 5 R 4 ) and (C5R4) rings to impart stereorigidity and is a single carbon atom, sub- 
stituted or unsubstituted; Q is a hydrocarbyl radical having 1-20 carbon atoms or is a halogen; Me is a 
Group II IB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; and p is the valence of 

40 Me minus 2; 

2) an ionizing agent; 

b) introducing the catalyst into a polymerization reaction zone containing ethylene; 

c) maintaining the reaction zone under copolymerization reaction conditions; and 
45 d) extracting an ethylene copolymer. 

2. The process of Claim 1 wherein (C5R4) is a substituted cyclopentadienyl radical with one R substituent in a distal 
position w h ich is a t-but yl ra dical. 



so 3. The process of Claim 1 wherein (C 5 R' 4 ) is an unsubstituted indenyl. 

4. The process of Claim 1 wherein (C5R4) is a substituted indenyl. 

5. The process of Claim 4 wherein (C 5 R 4 ) is 2-methylindenyl. 

55 

6. The process of Claim 1 wherein (C 5 R 4) is an unsubstituted fluorenyl ring. 

7. The process of Claim 1 wherein (C5R4) is an substituted fluorenyl ring. 
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8. The process of Claim 1 wherein Me is titanium, zirconium or hafnium. 

9. The process of Claim 1 wherein R" is a hydrocarbyl radical. 
5 10. The process of Claim 9 wherein R" is substituted. 

11. The process of Claim 10 wherein R" has bilateral symmetry. 

1 2. The process of Claim 1 1 wherein R" is selected from the group consisting of an alkylene radical having 1 -3 carbon 
io atoms. 

13. The process of Claim 1 wherein R" is isopropylidene, phenylmethylsilylidene, phenylmethylmethylidene ordimeth- 
ylsilylidene. 

is 14. The process of Claim 1 wherein R" is isopropylidene. 

15. The process of Claim 1 wherein R'XCsR^fCsR^) is an isopropylidene[3-t-butylcyclopentadienyl-1-indenyl] radical. 

16. The process of Claim 1 wherein R'^CsR^CsR^) is an isopropylidene[3-t-butylcyclopentadienyl-1-(2-methylinde- 
20 nyl)] radical. 

17. The process of Claim 1 wherein R'XCsR^CsR^) is an phenylmethylsilylidene[3-t-buty!cyclopentadienyl-1-indenyl] 
radical. 

25 18. The process of Claim 1 wherein R'^CsFUXCsR^) is an phenylmethylmethylidene[3-t-butylcyclopentadienyl-1-flu- 
orenyljradical. 

19. The process of Claim 1 wherein R"(C 5 R4)(C 5 R , 4) is an phenylmethylsilylidene[3-t-butylcyclopentadienyl-1-fluore- 
nyl] radical. 

30 

20. The process of Claim 1 wherein the metallocene is a single isomer. 

21. The process of Claim 1 wherein the metallocene is an isomer mixture. 

35 22. The process of Claim 1 wherein the ionizing agent is an alumoxane. 

23. The process of Claim 1 wherein the ionizing agent is a combination of an alumoxane and an aluminumalkylchlo- 
ride. 

40 24. The process of Claim 23 wherein the aluminumalkylchloride is an aluminumdialkyl chloride. 

25. The process of Claim 24 wherein the aluminumalkylchloride is diethylaluminumchloride. 

26. The process of Claim 1 further comprising prepolymerizing the catalyst prior to introducing it into the reaction zone, 
45 said step of prepolymerizing including contacting the catalyst with an olefin monomer and an alumoxane. 

27. The process of Claim 1 wherein R'^CsR^CsR'^MeQp is isopropylidene[3-t-butylcyclopentadienyl-1-indenyl]zirco- 
nium dichloride. 

so 28. The process of Claim 1 wherein R'XCsRJCCsR^JMeQp is isopropylidene[3-t-butylcyclopentadienyl-1-(2-methylin- 
denyl)]zirconium dichloride. 

29. The process of Claim 1 wherein R"(C 5 R4)(C s R , 4)MeQp is phenylmethylsilylidene[3-t-butylcyclopentadienyl-1-inde- 
nyl]zirconium dichloride. 

55 

30. The process of Claim 1 wherein R"(C 5 R4)(C 5 R 4)MeQ p is phenylmethylmethylidene[3-t-butylcyclopentadienyl-l- 
f luorenyl]zirconium dichloride. 
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31. The process of Claim 1 wherein R"(C 5 R4)(C 5 R , 4 )MeQp is dimethylsilylidene[3-t-butylcyclopentadienyl-1-fluore- 
nyljzirconium dichloride. 

32. The process of Claim 1 wherein the temperature is from -20°C to 90°C. 

c 

33. The process of Claim 1 wherein the temperature is from 50°C to 80°C. 

34. The process of Claim 1 wherein the pressure 25 psig to 600 psig. 

w 35. The process of Claim 1 wherein the pressure is from 100 psig to 500 psig. 

36. The process of Claim 1 wherein the process is either slurry or gas phase. 

37. The process of Claim 1 wherein the process is slurry. 

15 

38. The process of Claim 1 wherein the process is gas phase. 

39. The process of Claim 1 wherein the process is carried out in the absence of hydrogen. 
20 40. The process of Claim 27 wherein the process is carried out in the presence of hydrogen. 
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